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(54) METHOD OF DISTILLATION FOR LIQUID INCLUDING MATERIAL LIABLE TO 
POLYMERIZE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of distillation capable of inhibiting 
polymerization in a distillation apparatus in distillation of a liquid including material liable to 
polymerize such as a (meth)acrylic acid and a (meth)acrylate. 

SOLUTION: One or more condensers are installed in serial to a condenser installed on the exit 
side of a distillation tower in this method of distillation for a liquid including a material liable to 
polymerize, and the material liable to polymerize included in the vapor discharged from the 
upstream condenser is condensed by the downstream side condenser. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The distillation approach of the polymerizable material content liquid characterized by 
making the polymerizable material contained in the vapor which the serial was further equipped 
with at least one set of a capacitor at the vapor outlet side of said capacitor, and came out of 
the capacitor of the upstream in the approach of distilling polymerizable material content liquid 
using the distilling column which equipped the outlet side with the capacitor condense by the 
capacitor of the downstream. 

[Claim 2] The distillation approach of polymerizable material content liquid according to claim 1 
that the rate of condensation of the capacitor of the upstream is 85% or more to all 
condensation most 

[Claim 3] The distillation approach of polymerizable material content liquid according to claim 1 
or 2 of making at least one set of the condensation liquid of the other capacitor joining the 
condensate of the capacitor of the upstream most 

[Claim 4] The distillation approach of polymerizable material content liquid given in either to 
claims 1-3 with the inlet temperature of the cooling medium of at least one set of a capacitor 
lower 1-25 degrees C than outlet temperature the inlet temperature of the cooling medium of 
the capacitor of the upstream is [ 3-50 degrees C of whose inlet temperature of the cooling 
medium of the capacitor of the downstream ] 0-50 degrees C most 

[Claim 5] The distillation approach of polymerizable material content liquid according to claim 4 
of operating the inlet temperature of the cooling medium of the capacitor of the downstream at 
temperature low 0-40 degrees C most to the inlet temperature of the cooling medium of the 
capacitor of the upstream. 

[Claim 6] The distillation approach of polymerizable material content liquid given in said either to 
claims 1-5 which two or more capacitors of a radical are vertical mold multitubuler heat 
exchangers, and passes vapor by the downward current to the tubeside of the capacitor of the 
upstream most. 

[Claim 7] The distillation approach of polymerizable material content liquid according to claim 6 
of passing vapor by the upflow to the tubeside of capacitors other than the upstream most. 
[Claim 8] The distillation approach of polymerizable material content liquid according to claim 6 
of passing vapor by the downward current to the tubeside of capacitors other than the upstream 
most 

[Claim 9] The distillation approach of polymerizable material content liquid given in either to 
claims 1-8 which carries out the shower of two or more said liquid which contains a stabilizer in 
at least one set of the capacitor of a radical. 

[Claim 10] Said liquid which carries out a shower is the distillation approach of said polymerizable 
material content liquid according to claim 9 containing at least one set of two or more 
condensate of the capacitor of a radical. 

[Claim 1 1] The distillation approach of polymerizable material content liquid given in either to 
claims 1-10 which returns a part of condensate [ at least ] of the capacitor of the upstream to a 
distilling column most. 

[Claim 12] The distillation approach of polymerizable material content liquid given in either to 
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claims 1-11 whose temperature requirement of distillation is 30-150 degrees C. 
[Claim 13] The distillation approach of polymerizable material content liquid given in either to 
claims 1-12 whose heat transfer area of the capacitor of the downstream is 1 - 100% to the heat 
transfer area of the capacitor of the upstream most. 

[Claim 14] The distillation approach of polymerizable material content liquid given in either to 
claims 1-13 said whose polymerizable materials are an acrylic acid (meta) and/or (meta) acrylic 
ester. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of distilling the liquid containing 

polymerizable materials, such as an acrylic acid (meta) and acrylic ester (meta) 

[0002] 

[Description of the Prior Art] (Meta) In the process which distills the liquid containing 
polymerizable materials, such as an acrylic acid and acrylic ester (meta), in order to control the 
polymerization under distillation, while changing into a reduced pressure condition and lowering 
temperature as much as possible, polymerization inhibitor is added or the approach of supplying 
molecular oxygen content gas etc. has been adopted. 

[0003] For example, drawing 1 is approximate account drawing showing the conventional 
distillation approach of the liquid containing a polymerizable material, and consists of a distilling 
column 1 and a capacitor 2. The condensate which the distillate which came out of the overhead 
of a distilling column 1 was supplied to the tubeside of a capacitor 2 by the upflow, and was 
condensed by cooling water 3 is obtained from the runoff line 13 (a part is introduced into the 
reflux line 14). Moreover, the vapor in a capacitor is led to the line to an atmospheric-air system 
or a vacuum system through the capacitor gas outlet line 15. 

[0004] Moreover, although it is approximate account drawing showing the another conventional 
distillation approach of liquid that drawing 2 also contains a polymerizable material and consists 
of a distilling column 1 and a capacitor 2, as for the distillate which came out of the overhead of 
a distilling column 1, the condensate by which drawing 1 was supplied by the reverse downward 
current, and was condensed by cooling water 3 is obtained from the runoff line 13 by the 
tubeside of a capacitor 2 (a part is introduced into the reflux line 14). Moreover, the vapor in a 
capacitor is led to the line to an atmospheric-air system or a vacuum system through the 
capacitor gas outlet line 15. 

[0005] However, since the vapor which comes out from a capacitor contained polymerizable 
materials, such as an acrylic acid (meta) and acrylic ester (meta), by the conventional distillation 
approach represented by these, it was in the situation which cannot perform stable operation 
that a polymerization object generates with a line, and the outlet part and vacuum pump of 
ejector mechanism which result in atmospheric air or a damage elimination facility from a line 
until it results [ from a capacitor ] in ejector mechanism or a vacuum pump, and a capacitor, and 
a halt of equipment is often needed etc. 
[0006] 

[Problem(s) to be Solved by the Invention] Therefore, in distilling the content liquid of 
polymerizable materials, such as an acrylic acid (meta) and acrylic ester (meta), the technical 
problem which this invention tends to solve is offering the approach the polymerization in the 
interior of a distillation apparatus being prevented. 
[0007] 

[Means for Solving the Problem] this invention person inquired wholeheartedly that the above- 
mentioned technical problem should be solved. Consequently, when equipping the serial with two 
or more sets of capacitors and supplying the vapor of the capacitor outlet of the upstream to 
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the outlet of a distilling column at the capacitor of the downstream, it found that the above- 
mentioned technical problem was solvable. This invention was carried out in this way, and was 
completed. 

[0008] That is, the distillation approach of the polymerizable material content liquid concerning 
this invention is characterized by making the polymerizable material contained in the vapor which 
the serial was further equipped with at least one set of a capacitor at the vapor outlet side of 
said capacitor, and came out of the capacitor of the upstream condense by the capacitor of the 
downstream in the approach of distilling polymerizable material content liquid using the distilling 
column which equipped the outlet side with the capacitor. 
[0009] 

[Embodiment of the Invention] The distillation approach of the polymerizable material content 
liquid concerning this invention is characterized by making the polymerizable material contained 
in the vapor which the serial was further equipped with at least one set of a capacitor at the 
vapor outlet side of said capacitor, and came out of the capacitor of the upstream condense by 
the capacitor of the downstream in the approach of distilling polymerizable material content 
liquid using the distilling column which equipped the outlet side with the capacitor. 
[0010] The mixture which the monomer of polymerization nature corresponds, for example, can 
illustrate an acrylic acid, a methacrylic acid, a maleic anhydride, acrylonitrile, or these ester 
objects and derivatives as a polymerizable material used in this invention, and contains the by- 
product of the quality of high boiling point material, a solvent, and a polymerizable material 
generate time in these further is sufficient Preferably, they are an acrylic acid, acrylic ester 
(methyl ester, ethyl ester, butylester, 2-ethylhexyl ester, etc.), a methacrylic acid, methacrylic 
ester (methyl ester, ethyl ester, propyl ester, isopropyl ester, butylester, isobutyl ester, tertiary 
butylester, cyclohexyl ester, etc.), dimethylaminoethyl (meta) acrylate, and hydroxyalkyl (meta) 
acrylate. 

[001 1] so that the total number of the capacitor used in this invention is two or more sets — 
stable operation — although effectiveness is high in a top, since equipment and piping become 
complicated and plant-and-equipment investment's will increase when the base is made 
[ many / not much ], it is not desirable. Two or more sets [ four or less ] are the levels realized 
economically, and there is at least two effectiveness of enough. If it is one set, the 
polymerization in piping, the polymerization and vacuum devices in add-on, and the blower after 
capacitor outlet piping occurs, stable operation cannot be performed in many cases, and it is not 
desirable. If it is two or more sets, stable operation will be attained over a long period of time 
[0012] Pi ping which connects each capacitor is [ the polymerization prevention effectiveness ] 
and is so desirable that it is short. Moreover, it is desirable to attach dip 1 degrees or more so 
that a condensate, Myst, etc. may flow you to be Sumiya. The number of the capacitors of the 
upstream most one, or juxtaposition could be equipped with two or more sets. [ the capacitor 
used in this invention ] And it is the description of this invention that the capacitor by the side 
of this top style is further equipped with at least one set of a capacitor at the serial. 
[0013] In this invention, the vapor part of parts for a liquid part and the vapor parts of the outlet 
fluid of the capacitor of the upstream is supplied to the capacitor of the downstream in two or 
more sets of the capacitors arranged on the serial. About supply of a vapor part, even if 
entrainment is contained in vapor and it is not, this invention is not limited. In this invention, it is 
desirable that the inlet temperature of the cooling medium of the capacitor of the upstream is 3- 
50 degrees C most, and it is desirable that the inlet temperature of the cooling medium of the 
capacitor of the downstream is 0-50 degrees C most, and it is desirable that the inlet 
temperature of the cooling medium of at least one set of a capacitor is lower than outlet 
temperature 1-25 degrees C. 

[0014] When the inlet temperature of the cooling medium of the capacitor of the upstream is the 
highest than 50 degrees C, while the heat transfer area of a capacitor becomes large and 
becomes uneconomical, since it becomes easy to carry out a polymerization by the temperature 
rise by the side of a process, it is not desirable. In the case of less than 3 degrees C, although 
operation is possible, it is necessary to cool using a refrigerator etc., the load of **** becomes 
large, and it is not economically [ in many cases ] desirable. 
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[0015] Since the size of a capacitor becomes extremely large in order for the vapor which is not 
condensed in a capacitor gas outlet to increase, and for a polymerization to happen in gas outlet 
piping of a capacitor and to reduce non-condensed vapor, when the inlet temperature of the 
cooling medium of the capacitor of the downstream is the highest than 50 degrees C, it is not 
desirable. Although the effectiveness of this invention has the high one where temperature is 
lower, it is uneconomical if too not much low. Especially in the case of less than 0 degree C, 
since the trouble by freezing starts when water is contained in a process fluid also in a minute 
amount, it is not desirable. Especially when the component frozen in a process fluid is contained, 
it is desirable to consider ****** of a cooling medium so that it may not become low too much. 
[0016] When the difference of the inlet temperature and outlet temperature of the cooling 
medium of at least one set of the capacitor of the capacitors of two or more serials is less than 
1 degree C, since the flow rate of a cooling medium increases beyond the need, it is not 
desirable. Although it is convenient since there are few flow rates of a cooling medium, it ends 
and piping etc. becomes compact when exceeding 25 degrees C Uneven parts, such as 
stagnation, can tend to do a part of flow of the cooling medium in a capacitor. Since the 
temperature in the part rises locally, it becomes easy to carry out the polymerization of the 
polymerizable material, and a polymerization object blockades in some heat exchanger tubes, the 
parenchyma of a capacitor and the heat transfer area committed effectively may decrease or 
operation top trouble may come out, it is not desirable. It is desirable that the inlet temperature 
of the cooling medium of the capacitor of the upstream is especially the lowest than outlet 
temperature 1-25 degrees C. 

[0017] About said cooling medium in this invention, it does not limit, especially if liquid, and it is 
chosen according to the temperature region to be used. You may cool with the liquid used in a 
manufacture process for heat-of-condensation recovery. Although you may cool with the 
organic substance, it is the point which the cooling effect can obtain easily highly as a cooling 
medium, and they are a water solution or water preferably. As a water solution, the brine (water 
solutions, such as a calcium chloride) as the antifreezing solution, an ethylene glycol water 
solution, etc. are mentioned. As water, ion exchange water, reverse osmotic membrane 
permeated water, industrial water, seawater, etc. are mentioned. What performed drugs 
processing of a germicide, a rusr-proofer, a scale inhibitor, etc. about a water solution or water if 
needed may be used. Usually, the water solution and water which are the cooling medium which 
the temperature after using for cooling of a capacitor went up are returned to temperature 
required for cooling of a capacitor using a cooling tower or a refrigerator. 

[0018] Although the effectiveness of this invention is acquired even if the inlet temperature of 
the cooling medium of the capacitor of the downstream is the the same as the inlet temperature 
of the cooling medium of the capacitor of the upstream, it is effective to make inlet temperature 
of the cooling medium of the capacitor of the downstream the lowest than the inlet temperature 
of the cooling medium of the upstream. If inlet temperature of the cooling medium of the 
capacitor of the downstream is made the highest than the inlet temperature of the cooling 
medium of the upstream, since un-condensing [ the amount of] will increase in the capacitor 
gas outlet of the downstream and the polymerization prevention effectiveness will decrease, it is 
not desirable. Although the lower one of the temperature of the cooling medium of the capacitor 
of the downstream is desirable, it is not realistic that it is 40 degrees C or more separate. 
[0019] In addition, it is also effective to return the cooling medium from the outlet of the 
capacitor of the downstream to the inlet port of the capacitor of the upstream most, and to use 
a sink and a cooling medium effectively. Moreover, it is also effective to use the cooling water 
most cooled by the cooling medium of the capacitor of the upstream by the cooling tower, and to 
use the antifreezing solution which used the refrigerator for the capacitor cooling medium of the 
downstream, and was cooled, and water. In this case, the twist which the effectiveness of the 
polymerization prevention about the line from a capacitor gas outlet to exhaust air and a vacuum 
system is not only high, but covers a load over a refrigerator for all condensation parts of all also 
has the effectiveness which reduces the loads of a refrigerator dramatically, and is economically 
desirable. For example, the cooling water cooled by the cooling tower is most used for the 
capacitor of the upstream, the load of almost all condensation phase-splitting these is covered, 
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and although the loads of a refrigerator are few, while being able to make vapor all condense 
efficiently when the cooling water cooled by the capacitor of the downstream with the 
refrigerator is used, the high polymerization prevention effectiveness is acquired. 
[0020] In this invention, as there are many amounts of condensation of the capacitor of the 
upstream, it is desirable that the rate of condensation of the capacitor of the upstream is 85% or 
more to all condensation most, 90% or more, they are 96% or more still more preferably, and all 
condensation is it is desirable and more preferably the most desirable [ amounts ]. Moreover, 
especially actuation of the temperature of a cooling medium or a flow rate that lessens the 
amount of condensation deliberately on operation is not needed. What is necessary is just to set 
up the temperature and the flow rate of a cooling medium so that it can cool as much as 
possible. 

[0021] Although all condensation of the total rate of condensation of two or more capacitors is 
ideals, 96% or more is 99.9% or more most preferably 99% or more desirable still more preferably 
as a realistic rate of condensation. The condensate from the capacitor in this invention may 
pass, and you may pass independently from each capacitor about the direction, and the 
condensate from each capacitor may be brought together in the same place. However, since 
polymerization nature is large about especially (meta) the liquid containing an acrylic acid or 
acrylic ester (meta), it is desirable to make the condensate of the capacitor of the downstream 
join the condensate of the capacitor of the upstream, and to bring together in the same place. 
This is because the polymerization in the condensate line of the capacitor of the downstream 
can be prevented by containing many stabilizers concerned in the condensate of the capacitor of 
the upstream most, therefore making the condensate of the capacitor of the downstream join 
whether you are Sumiya in the condensate of the capacitor by the side of this top style as much 
as possible by carrying out entrainment of the liquid which contains a stabilizer from a distilling 
column. The gestalt which makes at least one set of the condensate of the other capacitor join 
the condensate of the capacitor of the upstream most especially is more desirable. Like the 
after-mentioned, the shower of the condensate which was made to join and was obtained can be 
carried out to a capacitor or a vapor line with a stabilizer. 

[0022] Moreover, in this invention, it is a desirable gestalt to return a part of condensate [ at 
least ] of the capacitor of the upstream to a distilling column most, the stabilizer contained in 
the condensate of a capacitor by returning a part of condensate [ at least ] concerned to a 
distilling column — again — a distilling column — it can return — a column — since the cyclic 
use of waste water of the stabilizer can be carried out to a body and the capacitor itself, it is 
desirable. 

[0023] The liquid condensed by the capacitor may be put into a tub. Although the condensate of 
each capacitor may be put into the same tub with a separate line, after collecting the 
condensates of each capacitor with a line, it is good preferably to put into a tub. This is because 
the polymerization in the condensate line of the capacitor of the downstream can be prevented 
by containing many stabilizers concerned in the condensate of the capacitor of the upstream 
most, therefore collecting the condensates of each capacitor and making them join with a line by 
carrying out entrainment of the liquid which contains a stabilizer from a distilling column, 
moreover, it is liquid most at the lower channel of the capacitor of the upstream — a ball part 
may be built and the condensate of the capacitor of the downstream may be introduced there, 
furthermore — for example, it is liquid — the oil level of a ball part is detected automatically, 
liquid is extracted using a pump so that it may become fixed, and the part of a distillate part is 
[ the reflux to a column part ] good also as an object for the showers of a capacitor, in this case, 
a distillate flow rate is operated and it is usually liquid — the liquid is sent so that the oil level of 
a ball may become fixed. It is desirable when piping becomes simple in this way, there will be few 
devices and it will become a simple system, if each condensate is brought together in the same 
place, and management of a polymerization inhibitor and the profitability of a system are 
considered. 

[0024] Although especially the format of the capacitor in this invention is not limited, the 
barometric condenser which carries out the direct shower of a horizontal-type multitubuler heat 
exchanger, a vertical mold multitubuler heat exchanger, and the liquid cooled with the liquid 
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cooling vessel by the forced circulation of a condensate into a gaseous phase is mentioned. 
However, the response of making it condense out of tubing of a shellside in many cases, 
supplying the stabilizer of polymerization prevention to homogeneity, in order washing when the 
trouble by the polymerization arises is difficult and to be stable operation, and fully carrying out 
the subperiod of treatment of the temperature of liquid low is required for a horizontal-type 
multitubuler heat exchanger. Therefore, a vertical mold multitubuler heat exchanger and a 
barometric condenser are desirable, and especially a vertical mold multitubuler heat exchanger is 
desirable. In the case of a barometric condenser, although equipment size becomes large, in 
respect of polymerization prevention, it is desirable. Although especially the liquid cooling 
machine in this case is not limited, a multitubuler heat exchanger, a spiral mold, a plate mold, etc. 
are raised. 

[0025] Although how to pass vapor may pass to a shellside or may pass to a tubeside in this 
invention when a capacitor is a vertical mold multitubuler heat exchanger, if vapor is passed to a 
shellside, washing at the time of trouble generating of a polymerization is difficult, and in case 
the liquid containing a stabilizer is thrown in in a shower, formation of the liquid membrane 
besides tubing is uneven, a part with the inadequate stabilizer concentration of a condensate 
arises, and it is easy to generate the trouble by the polymerization. On the other hand, since 
washing at the time of trouble generating of a polymerization is easy, and it is easy to make 
formation of the liquid membrane at the time of throwing in the liquid containing a stabilizer in a 
shower into homogeneity, and a stabilizer works to homogeneity and cannot carry out a 
polymerization most easily to a condensate in the capacitor of the upstream if vapor is passed 
to a tubeside, it is desirable on stable operation. 

[0026] When the capacitor of the upstream is a vertical mold multitubuler heat exchanger most 
in this invention, although it is possible, since the shower liquid containing a condensate and/or a 
stabilizer etc. is a downward current when vapor is passed by the upflow, when the load of vapor 
is large, flooding may occur and it is not desirable [ actuation ], even if how to pass vapor passes 
according to a downward current also by the upflow to a tubeside. Moreover, since passage 
becomes narrow, flooding is raised and it may be able to stop being able to operate also by the 
operating condition which does not carry out flooding when a small polymerization arises 
selectively, it is not desirable. Moreover, if it passes by the upflow, since most will condense in 
the lower part of tubing, the temperature of a condensate becomes high, without cooling liquid 
enough, but since liquid is enough cooled in a downward current, it is desirable in respect of 
polymerization prevention. Therefore, since it can operate to stability for a long period of time 
even when passing vapor by the downward current can take a large operation operating range 
and a rarely small polymerization object arises, it is desirable. Moreover, it is desirable also when 
preventing the polymerization in a line until it results [ from the inside of a capacitor, and a 
capacitor ] in ejector mechanism or a vacuum pump etc. 

[0027] In this invention, although it is desirable to pass vapor by the downward current to the 
tubeside of the capacitor of the upstream most as mentioned above, about capacitors other than 
the upstream, it is most desirable to pass vapor by the upflow or the downward current to a 
tubeside. Furthermore, like the upstream, since the method of passing vapor by the downward 
current to a tubeside can make temperature of a condensate lower, it is more desirable. 
[0028] In this invention, the liquid containing a stabilizer is more preferably supplied with a 
shower into the capacitor of the downstream into at least one set of two or more sets of 
capacitors. With this shower, effectiveness is in polymerization prevention of a capacitor and a 
line dramatically. Although the liquid which mixed the condensate and stabilizer of a capacitor is 
sufficient as the liquid containing a stabilizer and the liquid which mixed an another process fluid 
and an another stabilizer is sufficient, preferably, it is the former and the liquid which mixed the 
stabilizer with the condensate which the condensate of the above-mentioned capacitor of the 
downstream was made to join the condensate of the capacitor of the upstream, and was brought 
together in the same place especially is desirable. When there is no shower to a capacitor, since 
a stabilizer will be included in the condensate newly condensed in a capacitor and a 
polymerization happens, it is not desirable. 

[0029] when passing each capacitor condensate independently, respectively, it is the tub or 
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liquid of a condensate independently to each capacitor condensate — it will have a ball and the 
shower of each condensate will be carried out to each capacitor for polymerization prevention. In 
this case, since the pump of a shower is not only unsharable, but the solvent in which a stabilizer 
is dissolved will also use each condensate and the drugs tank of a stabilizer is needed for each, a 
system becomes complicated and a management top does not have it, either. [ economically 
desirable ] 

[0030] The light-boiling component of the presentation of vapor increases like the capacitor of 
the downstream. It is the outlet part of the line ejector mechanism from a line until the high 
impurity of polymerization nature may be contained also in the light-boiling component and this 
impurity results [ from a capacitor ] in ejector mechanism or a vacuum pump, and a capacitor to 
atmospheric air or a damage elimination facility, and a vacuum pump, and is also one of the 
causes which can do a polymerization object Therefore, when the shower of each capacitor 
condensate is carried out to each capacitor However the shower of the liquid which contained 
many light-boiling polymerization nature matter in the capacitor of the downstream will be 
carried out and it may lower temperature It is difficult to remove the polymerizable material as a 
light-boiling component contained in vapor. A polymerization object becomes easy to be made 
with the outlet part of the line ejector mechanism which results in atmospheric air or a damage 
elimination facility, and a vacuum pump from a line until it results [ from a capacitor ] in ejector 
mechanism or a vacuum pump, and a capacitor, and it is not desirable. 
[0031] If the condensate of the capacitor of the downstream is made to join the line of the 
condensate of the capacitor of the upstream, a condensate is brought together in the same 
place on the other hand and the shower of the common liquid is carried out to each capacitor 
The shower of the liquid with the low concentration of the light-boiling polymerization nature 
matter can be carried out, and the polymerizable material as a light-boiling component efficiently 
contained in vapor can be removed. Since a polymerization object can be easily made neither 
with the outlet part of the line ejector mechanism which results in atmospheric air or a damage 
elimination facility, nor a vacuum pump from a line until it results [ from a capacitor ] in ejector 
mechanism or a vacuum pump, and a capacitor, it is desirable. 

[0032] As a distilling column used by this invention, simple distillation is sufficient and the 
distilling column which fractionating towers, such as a packed column, and a bubble tower, a 
perforated plate tower, are mentioned, and has two or more sieve trays especially, or the 
distilling column which has packing is desirable. Considering the viewpoint of reservation of 
purity, and clearance and prevention of a polymerization object, a multistage perforated plate 
tower is desirable. In a distilling column, although a reboiler is used and it is not limited especially 
about the format, in a multitubuler heat exchanger, a vertical mold multipipe thermostat siphon 
reboiler, a vertical mold multipipe liquid membrane flowing-down type multipipe reboiler, a 
forced-circulation mold reboiler, etc. are mentioned. From a viewpoint of polymerization 
prevention, the forced-circulation mold reboiler which does not have the gaseous-phase section 
in the heating surface is desirable, and the vertical mold multipipe thermostat siphon reboiler is 
also excellent in polymerization prevention. 

[0033] Although it will not be limited but will be dependent also on the property of the 
polymerization of a polymerizable material if distillation actuation is possible about the 
temperature requirement of the distillation in this invention, it is the range of 30-150 degrees C 
preferably. Since it is necessary to overhead temperature to make the liquid of a capacitor, and 
temperature of gas low especially to the temperature of distillation, the size of a capacitor 
becomes extremely large and is not desirable, in order for the vapor which is not condensed in a 
capacitor gas outlet to increase, and to be able to consider the possibility of the polymerization 
in gas outlet piping of a capacitor and to reduce non-condensed vapor, when the overhead 
temperature of distillation is less than 30 degrees C. When the temperature of distillation is 
higher than 150 degrees C, since the frequency a polymerizable material carries out 
[ frequency ] a polymerization in the inside of a distilling column or a capacitor increases, it is 
not desirable. 

[0034] In addition, the temperature requirement where the temperature requirement of the 
distillation said above included also about the temperature of interruption inside a distilling 
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column whenever [ solution temperature / of the bottom product inside a distilling column ] in 
the case of the overhead temperature inside a distilling column, the plate column, or the packed 
column is said. Although it does not limit especially about the pressure range of the distillation in 
this invention, depending on distillation operating temperature, it will be operated with the vapor 
pressure in the temperature of the mixture of the matter to distill. In actual operation, a pressure 
is controlled to become fixed and it controls to become, while temperature is 30-150 degrees C. 
In this invention, application of pressure is sufficient as a pressure, and near the ordinary 
pressure, and reduced pressure is sufficient as it [ a pressure ] Especially in reduced pressure, 
if the approach of this invention is used when vacuum devices, such as a blower, a root mold 
vacuum pump, a Nash pump, and ejector mechanism, are used, there is effectiveness also in the 
polymerization prevention in vacuum devices. 

[0035] In this invention, it is desirable that the heat transfer area of the capacitor of the 
downstream is 1 - 100% to the heat transfer area of the capacitor of the upstream most. Less 
than 1% of the effectiveness of this invention is the least enough as the heat transfer area of the 
capacitor of the downstream to the heat transfer area of the capacitor of the upstream. 
Moreover, if it exceeds 100%, although the effectiveness of this invention will be acquired, since 
the capacitor of the downstream will be enlarged superfluously and plant-and-equipment 
investment increases, it is not desirable to make it the largest than the capacitor of the 
upstream. It is 1 - 100% preferably, and is 3 - 50% still more preferably. 

[0036] In addition, the approach of preventing a polymerization, the approach of carrying out the 
shower of the liquid containing a stabilizer, and carrying out polymerization prevention, etc. may 
be applied by cooling enough for the approach, Torres, and jacket piping which prevent the 
condensation of vapor which causes a polymerization by heating for Torres or jacket piping, and 
holding the liquid membrane of a condensate with the vapor line of a capacitor inlet port, for 
polymerization prevention. The stabilizer content liquid in this case is collected with the 
condensate of a capacitor. 

[0037] In this invention, especially even if it carries out the shower of the stabilizer content 
liquid in the vapor line of a capacitor inlet port and does not carry out, it does not limit. Since 
the vapor which is not condensed in a capacitor gas outlet decreases dramatically, even if it 
does not carry out especially a shower, there is effectiveness of polymerization prevention, but if 
a shower is carried out, the polymerization prevention effectiveness will increase further. By 
using together with this invention, it is jacket piping, Torres, etc., polymerization prevention may 
be carried out by heating and preventing condensation about the line from a capacitor gas outlet 
to exhaust air and a vacuum system, and polymerization prevention may be carried out by 
cooling. Moreover, you may use carrying out polymerization prevention together by supplying 
molecular oxygen content gas to a distilling column with a polymerization inhibitor. When 
supplying this molecular oxygen content gas to a distilling column, it is desirable to supply a flow 
rate from which the weight criteria flow rate of the oxygen contained in the gas concerned turns 
into 2% or less of amount to the flow rate of the weight criteria of the vapor of the inlet port of 
the capacitor of the upstream as opposed to the weight criteria flow rate of the total amount of 
condensates most. If larger than 2%, since the problem of the polymerization in the vapor line 
after a capacitor will tend to arise, it is not desirable. Even if there is no molecular oxygen 
content gas, the effectiveness of this invention may not be desirable since the polymerization in 
a distilling column or a reboiler part becomes easy to happen in this case, although it sees. 
Moreover, although especially the charge location of molecular oxygen content gas is not limited, 
it is desirable to supply in the liquid of a reboiler inlet-port part and the liquid of a bottom. 
Conventionally, also when there is a trouble of a polymerization, if this invention is used, 
operation will be possible [ with such a cure ] for stability. It may become still more effective if 
this invention and the conventional approach are used together. 

[0038] Although it is in the object of this invention preventing the polymerization in distillation of 
a polymerizable material as stated above, as secondary effectiveness, all ****** of distillation 
can be performed efficiently and it is also raising the recovery of the object product. In a Prior 
art, even if it is going to raise heat transfer area by one step of capacitor and you are going to 
make it all ** a polymerizable material, all ** are not only insufficient, but it produces the 
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problem of a polymerization. If the approach of this invention is used, the polymerization 
prevention in distillation actuation is not only attained, but all nearly perfect ****** will become 
possible and the recovery of the object product, a raw material, etc. will increase 
[0039] 

[Example] Although this invention is explained concretely below, this invention is not limited to 
these examples. 

As shown in [example 1] drawing 3 , supplied the liquid containing an acrylic acid to the distilling 
column using the distillation apparatus which consists of a distilling column, a reboiler, the 1st 
capacitor of a vertical mold multipipe type, the 2nd capacitor of a vertical mold multipipe type, 
and a steam ejector, supplied the oxygen content gas of polymerization prevention to the 
distilling-column pars basilaris ossis occipitalis, operated by 47hPa of tower-overhead-pressure 
force, the acrylic acid was made to distill from the overhead, and it refined continuously. The 
temperature of operation was 95 degrees C at the distilling-column bottom product A 
polymerization inhibitor is added in the condensed liquid, the shower was carried out to the 
tubeside upper part of the 1st capacitor and the 2nd capacitor, respectively, and it was 
circulated. The heat transfer area of the 2nd capacitor is 45% of the heat transfer area of the 1st 
capacitor, and passed vapor by the upflow to the 2nd capacitor. The cooling water inlet 
temperature of the 2nd capacitor of 23 degrees C and outlet temperature was 25 degrees C. 
Cooling water was mixed with the 2nd capacitor outflow-of^cooling-water liquid, and the inflow 
of cooling water of the 1st capacitor was supplied. The cooling water inlet temperature of the 
1st capacitor of 24 degrees C and outlet temperature was 36 degrees C. As a result, it has 
operated satisfactory for 60 days. It stopped, and when checked, only adhesion of the 
polymerization object of pole small quantity was looked at by piping which adhesion of a polymer 
is not looked at by piping of the 1st capacitor and the 2nd capacitor, and the 2nd capacitor, and 
connects the 2nd capacitor and ejector mechanism with them. 

As shown in [example 2] drawing 4 , supplied the liquid containing methyl methacrylate to the 
distilling column using the distillation apparatus which consists of a distilling column, a reboiler, 
the 1st capacitor of a vertical mold multipipe type, the 2nd capacitor of a vertical mold multipipe 
type, and a steam ejector, operated by 160hPa of tower-overhead-pressure force, methyl 
methacrylate was made to distill from the overhead, and it refined continuously. The temperature 
of operation was 50 degrees C at the distilling-column bottom product A polymerization inhibitor 
is added in the condensed liquid, the shower was carried out to the tubeside upper part of the 
1st capacitor and the 2nd capacitor, respectively, and it was circulated. The heat transfer area 
of the 2nd capacitor is 5% of the heat transfer area of the 1st capacitor, and passed vapor by 
the downward current to the 2nd capacitor. The cooling water inlet temperature of the 1st 
capacitor of 30 degrees C and outlet temperature was 45 degrees C. The cooling water inlet 
temperature of the 2nd capacitor of 2 degrees C and outlet temperature was 4 degrees C. As a 
result it has operated satisfactory for 90 days. It stopped, and when checked, adhesion of a 
polymerization object was not looked at by piping which connects the 2nd capacitor and ejector 
mechanism with piping of the 1st capacitor and the 2nd capacitor, and the 2nd capacitor, either. 
As shown in [example 3] drawing 5 , supplied the liquid containing methacrylic-acid hydroxyethyl 
to the distilling column using the distillation apparatus which consists of a distilling column, a 
reboiler, the 1st capacitor of a barometric condenser format, the 2nd capacitor of a vertical mold 
multipipe type, and a steam ejector, operated by 2.7hPa of tower-overhead-pressure force, 
methacrylic-acid hydroxyethyl was made to distill from the overhead, and it refined continuously. 
The temperature of operation was 95 degrees C at the distilling-column bottom product In the 
barometric condenser, the distillate which added the polymerization inhibitor was circulated with 
the shower. The heat transfer area of the 2nd capacitor is about 50 percent of the heat transfer 
area of the liquid cooling machine in the barometric condenser which is the 1st capacitor, and 
passed vapor by the upflow to the 2nd capacitor. The cooling water inlet temperature of the 1st 
capacitor of 30 degrees C and outlet temperature was 37 degrees C. The cooling water inlet 
temperature of the 2nd capacitor of 7 degrees C and outlet temperature was 10 degrees C. As a 
result, it has operated satisfactory for 30 days. It stopped, and when checked, only adhesion of 
the polymerization object of pole small quantity was looked at by piping which adhesion of a 
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polymer is not looked at by piping of the 1st capacitor and the 2nd capacitor, and the 2nd 
capacitor, and connects the 2nd capacitor and ejector mechanism with them. 
Between the 1st capacitor of [the example 1 of a comparison], and a steam ejector, it refined 
continuously like the example 1 except having not arranged the 2nd capacitor. At this time, the 
cooling water inlet temperature of the 1st capacitor of 22 degrees C and outlet temperature was 
33 degrees C. Consequently, it becomes impossible to maintain 47hPa of tower-overhead- 
pressure force on the 30th, and a pressure began to rise. After the halt when checked, adhesion 
by the polymerization object was seen for piping which connects the 1st capacitor and ejector 
mechanism. 

Between the 1st capacitor of [the example 2 of a comparison], and a steam ejector, it refined 
continuously like the example 2 except having not arranged the 2nd capacitor. Consequently, it 
becomes impossible to maintain 160hPa of tower-overhead-pressure force on the 50th, and a 
pressure began to rise. After the halt, when checked, adhesion by the polymerization object was 
seen for piping which connects the 1st capacitor and ejector mechanism. 
Between the 1st capacitor of [the example 3 of a comparison], and a steam ejector, it refined 
continuously like the example 3 except having not arranged the 2nd capacitor. Consequently, it 
becomes impossible to maintain 2.7hPa of tower-overhead-pressure force on the 20th, and a 
pressure began to rise. After the halt, when checked, adhesion by the polymerization object was 
seen for piping which connects the 1st capacitor and ejector mechanism 
[0040] 

[Effect of the Invention] According to the approach of this invention, in distilling the content 
liquid of polymerizable materials, such as an acrylic acid (meta) and acrylic ester (meta), the 
polymerization in the interior of a distillation apparatus can be prevented. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is one of the approximate account drawings showing the conventional approach. 
[Drawing 2] It is one of the approximate account drawings showing the conventional approach. 
[Drawing 3] It is one of the approximate account drawings showing the mode in the example of 
this invention. 

[Drawing 4] It is one of the approximate account drawings showing the mode in the example of 
this invention. 

[Drawing 5] It is one of the approximate account drawings showing the mode in the example of 
this invention. 
[Description of Notations] 

1 Distilling Column 

2 1st Capacitor 

3 1st Cooling Water 

4 2nd Capacitor 

5 2nd Cooling Water 

6 Reboiler 

1 1 Supply Line 

12 **** Line 

13 Runoff Line 

14 Reflux Line 

15 1st Capacitor Gas Outlet Line 

16 Line to Atmospheric-Air System or Vacuum Systems (Rector Mechanism Etc.) 

1 7 2nd Capacitor Condensate Line 
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[Drawing 1] 
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[Drawing 4] 
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[Drawing 51 
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?S^+^ip$ix5©T, S-a-l6Jh©^-e»t LV\ J; 
&< tit, J.o % 4tiHi/h$^fi^#i^4Cfc4&^-et 
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LK 

[0 0 2 7] ^fBKKfc^Ttt. ±5$© J; ?f'. *t± 
iSfDffl©^ ^x^f--© i ffffl^TI^»ftT*'<-/-?-^»61-r 

TP$i5ST-<-^-^isft-f^^, «««©»««: J: Qffi 

[00 2 8] *38Wt*J^T»i, ££#J£^ft-f3M 
&*L<tt, aifc5© = ^x^— ©'>/£< ifc 1 
£9&;£L.<tt:, Tjtffl© = >-r>1>— 
-f!7— Id J: -5. r©->^!7-(ri 19, nyfy 

^rvtoilSi^^ 

©, TaE«© = ^f*>lJ— ©»»«*±««©3i^> 
f— ©W8*t-frjt**, ^Ctw5K*©fc«*gifci 
^Sd«riS-a-LfcSe^#*Lv\ ^yf>t — •©'>+ 
!7-^^^*-a- x = >r >f— 1 43V*TS%HHH-3 

[0 0 2 9] *ft-Pix©a WBttSr-tii^ii 

9, *^KJt©fcfetc^m©«lg»?Sr*^H©3 
->-tI7-©7K^7 P ^#*Tt^VSi>t)T*^< . ?c^J 

•p , afj6w©sew* t-ttb-etuciKBic/is©-?, 

[0 0 3 0] ^-^-©jft^ttTaKffilw^Vxvf— B 
if«»ia^*<4«. 6»fiSc7rttS-a-tt©«v^M 

^^^-©fflpfB^, SE^jKvy-e, S-d*iJ-c*5 
^EI©-oT"b&So LfciSoT, -tix-eti©^^^ 

©*«-&tt*WSr«l9l»< rt«H*T'*)»), ^yfy 
"?*SE^vytS5*T©7-f V 
^ 3yfvt-A^7<*^f^itI5 7^yx^ 
^^^-©tbpglJ^ M^t'yy°x\ I^Wt-J^ 

[0 0 3 1] T*«l©^ ©)g^Sr± 
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[o o 3 2] *&wxm^z>mwmk lt», jwrst? 

fi-a-*©Sfe*i:8SJtiv^9S^*»e)-t-5t, #&©#?L 

[ o o 3 3 ] *»M^*j»t5Se«3ia*«Htc:ov>Ttt 

^©ttKtt»ffi-5iS, #£L<ti:. 30~150t 
©tSiT-fcS. IffJ©aUtte*tU 4*te#flt©«*K# 



#*>«©•?> «*©fltn(«>a*as3oic**©»^H:3 
= ^^-©^apiai^^T©^©-^ 

[O 0 3 4] ±KI^53R«©ilEH5fflif±, ft 

st~##u ftwt-swf©^*©*-©^^.:*^ 

mtlZ-feiZ.frZJioicl&l&Ls iM.lg.tf 3 0~1 5 0°C 

f£, »E©4§£-fi:7*n!7-, /U-ySJt£;<KV7\ T"s/ 
->^7K^7*, ^i^*-fc^©*£2£{I$rflll,\fc#a- 



[o o 3 5] #»ijiii;:*i^-rf±» 
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Ll~l 0 0%X3bZZ.kiWt U\ ■TMI©3>'f 

*fc 10 0%&jg£5i: x **W©«i*34S#fetL5fcO 
©, ifc±Iffl©^yf>t- i (3 <1".5©i2T 

[0 0 3 6] ayfyf-APW^-^yvfy 
10 "Cfi, a-g-KlhWfcftfc, hl/X-*?i/Ttry h&<gX~M 

h.M^t^rj- hEtft?&#/ft^UgiHg4jj©$. 

©©Hi® k k 1 £U!K $ *i 5 „ 
[0 0 3 7] *»^|-*5V>T»i, a^xVi^— AP©^ 

20 5 *««©^<-^-#*|6<) fc« 5 © T* v #(c->+!7-L 
*< tt>S-^K»Jt©^l*^«)5^, v/-rJ7— ttlt££t> 

■f^s' MB^M/^^ei'T*, mmLxmmmc'k 
**mmmA-tt> z. k \z «t 9 m^K±-t5 

S^^(^*ix5^«©M*i«*^, 

©=z >x^-©AP©-<-/N-©fi4^2p©»|tS(^ 
L, 2 %£lT©*£fc5 «t 5 ft**t»Ai- 5 r k AW 

oi^sgro-H-< *3©T?, »4 L< *V^*g-^jb 

^^/ I e^^i^ !J #-T7— APSB^©jft* J ^j£©^1'(wlg 
40 Ai-5©ASff4U\ r©«t5*»»fc»+-ettl 
^-© h^^sfeofcS^t, **W*fflv^tf$S^ 
ilt57jS-t*#5t©T*fcS 0 **Wt«*©*jfetflfli- 

[oo3 8] &.±m^<tzi:oic, *%woBm*M,m'& 
fe®w<DMmcjstfzn£zmit-rz>zk\chz>i>\ m 

t>x$, ntb2k$,<o®mm*fa±.£itzzk\ci>tez> c 
^^*©sffi : ^-*iv^T^4, => yf^t- 1 mmx-fcim 



SO 7)S^+5xT'fc 5 ff i» 9 Tft < , 
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[O 0 3 9] 

fiwHfci ©fgjfefll icipg^ S ft 5 1 © -CttJfcV \ 

S#f 5*C©H 1 => £ »ES#f st©3& 2^? 

*fKfMSfi«fc«AU «H*ff2j4 7 h P 
a-e»E$:fTV\ T^U^»SrflFKi»6.ffWS-a:TJ|« 

1 =i yf>t- £ H 2 a yfvt-cf«i»^tif 

ai±i i a >-fyt-©6iiia© 4 5 ^ *2 

^-©ift*P*ARift£#2 3"t, |ilPSSl3 2 5tt' 

a>T>f— ro^*P7KAP?fia^2 4t, /±ip?aa(4 3 

»JhLT^LT*5i, % 1 n yj^- fc£ 2 a > 
x^f— ©Etfcfc, ^2=yfyt-|^, M£&© 

a^^CoHlav^vif— i»£S#«S;©IB2 3>7 i 30 
^t-iltii?i^?- A»e>ftSf£e&«Srffii/>T, 

fSIBfiE;^ 1 6 0 h P a -eStsSrtfVV ^ 5vM 

-h**«i»fe«ta**-caitt«it»«t*fi i ofc 0 ate 

fcjfcfcS^BltaSSra&bllU |l3yf>t-il2 3 
^X>f— ©f ffi±^(^^^n->+ 17- U *f 

fc S2 = ^u— ©fijRiasaittis i ^ y^v-y— © 

T^-ej^Lfc. Ml a^-r>"^— ©Jfr*P7kARi&£# 40 
3 0t, ffiRfiSH4 5'Ct?fcofc <> f2^yfyt- 
©^Jll7jcAP?fia^2 < C, UjRifi£tt:4t-C*>ofc 0 -t 
©*£* 9 0S ISJHJEft < ateT't fc. ff Jh LTjfetfe L-T 
K51 ^yfyf- il2 3yfyf- ©EfK 

?*-£oft CEf K *>«•£&©##»* bJ-Lfeftvo 
h y y ^ = >7 Vir- 7git©Sfl 1 = Vf — t |ft 

S#f S:©^2 3V7>t- tji^^^^-^f,* 50 
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L^tt«r*««-iCfttt L, ig]IJE7J 2 . 7 h P a T* 

#FAi?9 5t;-ei)ofc„ hy ^^ayfyf- 

t-f*)5^n^ fy y^av^VIr- t*»t5«ft*P 

«©e«HBa©tt5WT?*>!j, ^2=y7 ; yt-i;'<- 
^'-Sr±#ajt?!iLfc„ n 1 3 v-y— ©^tKa p 

©ft*P*AP)fla^7 < C, WRfigfil O^T-fc 
ofc„ *©»*3 0 BMIBH*<ateTtfc. ffJtLT 
^LT^Si, £? 1 3 ^vy— £ & 2 a 

©E^cts »2=i'7 ! yt-ct, a^©#»tt£ 

[JttSflll] Sl=>7>t-i:ISi^^-« 
I', 123 yrVt-^EI Lft^ofcJBWlildl^J l 
tlWfcfcL-c, iftKWfcWSfcfTofc. Hi 
=>>f>-9— ©?&4P7kARS^2 2^, aP?fiS»13 
3t-efcofc 0 3 0 B @ ^J#Hffi7J 4 7 h P 

ft CEtTS-g-#)|- «t Ztt*&*btitz 0 
Dttfc0!l2] 111 nyfyf- tH^i?^^ ^-©|BJ 
jfi 2 3 vir- SrES Lft^ofcm^»±^^ 2 
irBI«HcLr, »*Wli««Srfi 1 ofc s ^©^*> 5 0 
B S liflFlBE* 1 6 0 h P a Sr«t }^T*# ft < ft 0 , jE73 

— £ 3i i?i ^ ^ - £oft <*ES=T-fi^(c ± 
[ifcgj«3] Sl=>7Vt-i:Igiv'i^^-©P^ 

H2 3 y^^-y— $-e» ufca»o fcsjMtmtfli 3 

tPHRtLT, 31<K«ifc»ll*fi l ofc. ^©^*, 20 
Be(rlfTlJE^2. 7 hPa^H^T'tft<ft 19, l£tl 

[0 0 4 0] 

[*Woa*l **W©**t«tixtf, (^^) r^y 
[mffi©fi!5*ftmB^] 

[02] ffiJlEO^feSr^i-WlMftWBKO-oTfcS. 

[0 3 ] *%m<onmMizisrtzmm£*i-im%i,w% 

©-oT'fc-So 

[Ei 4 ] *%wommm^&rt%mm**i-®.9&mwm 
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1 
2 
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5 



1 l 



mm 
[01] 

1 5 



FH*TT . 



1 1 



1 4 



XT— 1 3 



'[0 2] 
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*6 P^7- 

11 &*&7>r> 

12 tett)7-<> 

13 mtti74> 
1 4 

15 J8i =vr f vf-#^UlP7'i'^ 

16 ^1, Sfcimi (i^x^-/j|Jf) 

17 3g2 3V7 J V-^-Jg«?«7'f > 



L-l 5 



1 3 




1 6 




(si) int. ci. 7 sssjia-s- f i f~™-v (##) 

C 0 7 C 69/54 C 0 7 C 69/54 Z 

(72)«W.# gf« F*-.M##) 4D076 AA07 AA16 AA22 BB03 BC02 

*J»m»SSmfflTIK*S^W#992Sjfi^ CB03 DA04 EA03Z EA06Z 

1 EA08Z EA11Z EA12Z FA12 

(72)3SW# |0 GA03 JA02 

^*ift®SSTti» :: FE*S^W^992#jteCO 4H006 AA02 AD11 BC51 BD43 BD53 

1 «S;#ttB*»flCrt BD60 BD80 BD84 BN10 BS10 
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